Abstract Treatment of 2-chloropyridine with LDA and the Weinreb amide of benzoic acid afforded three unusual products, namely Nmethylbenzamide, 2-chloropyridine-3-methanol, and the ring-opened addition product. This same final product could also be obtained from 2-chloro-3-benzoylpyridine on treatment with LDA. Mechanistic insight for the formation of these products is provided.
The formation of the third product, the cyano aminodienone 6, presumably involves the addition of diisopropylamide to the 6-position of the 2-chloro-3-benzoylpyridine (3) to generate the stabilized anionic intermediate B, which can then undergo an anionic-assisted cleavage of the C-N bond of the dihydropyridine with loss of chloride to form the cyano dienone C, which would rotate about the single bond to give the most stable conformer, namely the final product 6 (Scheme 3). There is literature precedent for such an elimination of halide from a 2-halopyridine with addition of nucleophiles. 5 The desired diaryl ketone 3 could be prepared by reacting the anion A formed from 2-chloropyridine (1) at low temperature with benzaldehyde followed by oxidation. We have also shown that treatment of the ketone 3 with LDA in THF at low temperature followed by warming to room temperature afforded a mixture of the same ring-opened product 6 and the product of reduction of the ketone with LDA, namely the alcohol 7 along with a small amount of a dimeric product, which will be discussed later (Scheme 4). Such reductions of hindered ketones with LDA are known and presumably occur via attack of the hydride from LDA onto the ketone carbonyl.
6
Scheme 4 Formation of 6 and alcohol 7 from ketone 3
We then carried out a brief investigation of reaction scope and showed that other Weinreb amides 2a-f also give the analogous ring-opened products, but in variable yields (Table 1) . Thus the simple methyl ketone and the 3-chlorophenyl ketone afford the expected cyanoketones 9 under similar treatment with LDA, but in reduced yields. The 2-and 4-substituted phenyl systems gave poorer yields of the ring-opened product. In addition, in some cases, the hydroxymethyl amide 10 was also isolated, presumably from trapping of formaldehyde by the amide.
Likewise the basic amide can also be changed (Scheme 5). Thus treating 2-chloropyridine (1) and the Weinreb amide 2 with various lithium dialkylamides 11a-d afforded the analogous cyanoketone 12a-d in fair yields. Unhindered amides, e.g., lithium dimethylamide, and hindered amides, e.g., lithium hexamethyldisilazide, lithium diphenylamide, and LiTMP, gave none of the corresponding products. Since LiTMP did not promote the ring-opening, we could use it to prepare the desired 2-chloro-3-benzoylpyridine (3) from 1 and 2 in THF in 35% yield.
When the ketone 3 was reacted with LDA in THF at low temperature, in addition to the expected products, 6 and 7, mentioned earlier (Scheme 4), we also isolated a small amount of a dimeric product, which was shown to be the lactol 13 (Scheme 6). We believe that the mechanism involves the deprotonation of the ketone 3 at the 4-position of the pyridine, ortho to the benzoyl unit, to give the anion D. 7 Condensation of this anion on the starting ketone 3 would then give the alkoxide E, which is perfectly set up to close on the adjacent ketone carbonyl to give the lactol anion F, which would protonate on workup to give the final product 13. The structure of 13 was determined by a mixture of both high field proton and carbon NMR and mass spectrometric data and proven by a single crystal X-ray structure determination. 8 We are currently looking at further examples of this rearrangement in simpler systems and will report those results in due course. -78 °C to 22 °C 12 h
Syn thesis
All reactions were carried out under an argon atmosphere, unless otherwise specified. THF was distilled from benzoquinone ketyl radical under an argon atmosphere. Diisopropylamine (DIPA) was distilled from CaH 2 under an argon atmosphere. All other solvents were purified according to literature procedures. C NMR spectra were recorded at 100 MHz. Data for 13 C NMR spectra are reported in terms of chemical shifts, which are reported in parts per million (ppm, ). TLC was carried out using precoated silica gel sheets. Visual detection was performed using KMnO 4 or ceric ammonium nitrate stains. Flash chromatography was performed using SilicaFlash P60 (60 A, 40-63 m) silica gel with compressed air. Highresolution mass spectrometry was taken on Waters LCT Premier mass spectrometer equipped with an ESI source.
For the preparation of Weinreb amides 2 and 2a-f and product identification for 8 and 10, see the Supporting Information.
(2-Chloropyridin-3-yl)(phenyl)methanone (3)
To a solution of 2,2,6,6-tetramethylpiperidine (882.2 mg, 1.06 mL, 6.245 mmol) in THF (6 mL) was slowly added n-BuLi (1.6 M solution in hexane, 3.6 mL, 5.765 mmol) at -78 °C and the reaction mixture was stirred at 0 °C for 30 min. Then 2-chloropyridine (1; 600 mg, 500 L, 5.285 mmol) was added dropwise to the reaction mixture at -78 °C and the mixture was stirred for 30 min. A solution of Weinreb amide 2 (793.6 mg, 4.804 mmol) in THF (2 mL) was slowly added at -78 °C and the mixture was warmed to 22 °C and stirred for 12 h. After sat. aq NH 4 Cl was added to the reaction mixture, it was diluted and extracted with EtOAc. The combined organic layers were washed with brine, dried (MgSO 4 ), filtered, and concentrated in vacuo. The resulting crude residue was purified by flash column chromatography (n-hexane/EtOAc 5:1) to obtain the desired product (363 mg, 1.668 mmol, 35%) as a light yellow liquid. Spectroscopic data for 3 match the literature data. (Table 1) To a solution of DIPA (586.1 mg, 817 L, 5.792 mmol) in THF (5.5 mL) was slowly added n-BuLi (1.6 M solution in n-hexane, 3.36 mL, 5.378 mmol) at -78 °C and the reaction mixture was stirred for 1 h. Then 2-chloropyridine (1; 563.7 mg, 470 L, 4.965 mmol) was added dropwise to the mixture at -78 °C and it was stirred for 30 min. A solution of the corresponding Weinreb amide 2 or 2a-f (683.4 mg, 4.137 mmol) in THF (2 mL) was slowly added to the mixture at -78 °C and it was stirred for 1 h. Then the mixture was gradually warmed to 22 °C and stirred for 12 h. After sat. aq NH 4 Cl was added to the mixture, it was extracted with EtOAc. The combined organic layers were washed with brine, dried (MgSO 4 ), filtered, and concentrated in vacuo.
Phenyl[1-cyano-4-(diisopropylamino)butadienyl]ketones; General Procedure
The resulting crude residue from 2 was purified by flash column chromatography (n-hexane/EtOAc 3:1 to 1:1) to obtain in the order: 5, 10 (R 1 = Ph), 6 (≡ 9, R 1 = Ph), and 4 (≡ 8, R 1 = Ph) ( 
Paper Syn thesis
Reaction of (2-Chloropyridin-3-yl)(phenyl)methanone (3) with LDA To a solution of DIPA (108.2 mg, 151 L, 1.069 mmol) in THF (1 mL) was slowly added n-BuLi (1.6 M solution in n-hexane, 0.6 mL, 0.980 mmol) at -78 °C and the reaction mixture was stirred for 1 h. The reaction mixture was warmed to 0 °C and (2-chloropyridin-3-yl)(phenyl)methanone (3; 193 mg, 0.891 mmol) in THF (0.2 mL) was slowly added and the mixture was stirred for 1 h at 0 °C. Then the mixture was warmed to 21 °C and stirred for 6 h. After adding sat. aq NH 4 Cl to the mixture, it was diluted and extracted with EtOAc. The combined organic layers were washed with H 2 O and brine, dried (MgSO 4 ), filtered, and concentrated in vacuo. The resulting crude residue was purified by flash column chromatography (n-hexane/EtOAc 4:1) to give, in order: 7, 13, and 6 (30.2 mg, 0.107 mmol, 12%). 
